Background Although the incidence of inflammatory bowel diseases (IBD) in Japan has increased, the
Introduction
The prevalence of celiac disease has significantly risen over the past years in European countries. More recently, similar prevalence has been reported from some Asian and Mid-eastern countries. Eastern Asia has a low prevalence of celiac disease due to both a lack of genetic predisposition and a low consumption of wheat. However, the potential for rising incidence of celiac disease has been described in Japan [1] [2] [3] , because in the past decades the traditional rice-based diet has been replaced by a westernstyle diet, and now wheat consumption is as much as in India. The prevalence of HLA-DQ2 and DQ8, the two major haplotypes that play a major role in the development of celiac disease, have been reported to be as high as 30-40 % in some Western countries. The prevalence of HLA-DQ2 and DQ8 in the general Japanese population is estimated to be around 10-20 %, substantially lower than in Western countries, but not absent. However, the precise prevalence of celiac disease in Japan remains unknown.
Diagnostic laboratory tests for celiac disease are not commonly used in Japan and there is a possibility of underdiagnosis or misdiagnosis as other inflammatory disorders of the gastrointestinal tract sharing similar clinical symptoms such as inflammatory bowel disease (IBD).
Celiac disease, Crohn's disease, and ulcerative colitis are categorized as inflammatory disorders of the gastrointestinal tract of unknown etiology, although genetic, immunological and environmental factors are involved in their pathogenesis. Since the incidence of IBD has increased steadily in Japan, and as exposure to gluten containing food has become more common, it is possible that there is confusion in discriminating between celiac disease and IBD.
The most reliable serological marker of celiac disease, anti-tissue transglutaminase (tTG), appears to be seen in IBD patients as a result of immunological phenomena [4] [5] [6] . A wide range of anti-tTG concentrations has been demonstrated in IBD patients and their positive anti-tTG results are related to disease activity [4, 7] . However, a high rate of false positives has previously been reported, when guinea pig liver extracts were used as a source of tTG [8] [9] [10] , and the more specific human recombinant tTG antigen is now widely used.
Histological evaluation followed by serology and small intestinal biopsy with villous atrophy is the gold standard for celiac disease diagnosis. However, villous atrophy and increased intraepithelial lymphocytosis has also been reported in Crohn's disease and other intestinal disorders [11] , and IBD and celiac disease can superimpose each other. These serological and histological aspects make it difficult to evaluate the comorbidity of these two diseases.
The anti-endomysial antibodies (EMA) blood test is considered the most specific to celiac disease, but EMA lacks sensitivity especially in the early disease stage with mild villous atrophy [12, 13] . More recent work has led to the development of serological tests that can identify antibody to deamidated gliadin peptides (DGP), the product of intestinal tTG action on dietary gluten peptide [14] . These peptides bind with high affinity to human leukocyte antigen (HLA) DQ2 or DQ8 on celiac patient antigenpresenting cells to potently stimulate the inflammatory T cell response [15] . This account for the antibody response for DGP is more highly specific for celiac disease than the historically used antibodies to native gluten (AGAs), so measurement of anti-DGP is reasonably specific [16] , especially in children, in patients with early stage celiac disease and almost normal villous morphology [17] , or to monitor diet compliance [18] . However, no study has evaluated this new food-related antibody in the diagnosis of celiac disease in IBD patients.
The condition with positive antibodies but without diagnostic villous atrophy is often considered false-positive, but there is evidence to suggest that such a finding is indicative of latent celiac disease [19] , for which Furguson et al. introduced the term potential celiac disease [20] . Potential patients may develop a gluten-dependent enteropathy later. Such patients are increasing in number [21] and account for as many as 20 % of patients with positive serology, yet there is no agreement on how to monitor their progress [22] . If the positivity for celiac-specific antibodies in IBD turns out to be false positive, another possibility to be evaluated is comorbidity of non-celiac gluten intolerance in IBD patients. However, there have been no previous reports about this aspect.
The aim of this study is therefore to examine the prevalence of celiac disease and celiac disease-specific antibodies in a Japanese population that is genetically less susceptible to celiac disease. Especially we focused on the prevalence of celiac disease-specific antibodies in IBD patients to elucidate possible complications. We used the autoantibody, tTG, and food-related antibody, DGP, in the first screening test and evaluated their occurrence in relation to clinical activities and other clinical characteristics of IBD patients. We further investigated participants with positive celiac disease-specific antibodies for genetic HLA testing and duodenal histological changes to confirm the diagnosis of celiac disease. Thereafter, to investigate the effect of gluten intake, we followed up some sero-positive IBD patients clinically, serologically and histologically with or without gluten containing diet prospectively.
Materials and methods

Study population
This cohort study was prospectively conducted in a single university institute between 2009 and 2012. All participants were Japanese and older than 16 years of age. The exclusion criteria were incomplete diagnosis of IBD, serious heart disease, liver cirrhosis, malignancies, and autoimmune disease such as type 1 diabetes mellitus (T1DM), rheumatoid arthritis, Sjogren's syndrome and autoimmune hepatitis (AIH). The study protocol was reviewed and approved by the institutional Review Board on April 16th, 2009. All patients provided written informed consent prior to study participation. 
Study protocol
Each patient was screened for celiac disease-specific antibodies, tTG and DGP, and underwent other laboratory assessments, including IgA measurement. If patients showed positive for either antibody assay, they underwent an EMA assay, HLA testing and endoscopy with at least four duodenal biopsies to confirm the diagnosis of celiac disease. Patients with IBD also underwent HLA testing. To evaluate what the positivity of celiac disease-specific antibodies in IBD patients reflects, we also analyzed IBD-specific antibodies, anti-Saccharomyces cerevisiae antibody (ASCA) and perinuclear anti-neutrophil cytoplasmic antibody (p-ANCA), and to other food antigens. ASCA is known to be predominantly associated with Crohn's disease, and p-ANCA proposed as a marker for ulcerative colitis.
To evaluate the effect of gluten, we observed sero-positive patients with or without gluten restriction prospectively. Because there is no consensus regarding the follow-up of those sero-positive patients without diagnostic pathology, the choice either to continue with a normal gluten-containing diet (normal diet) or follow a gluten-restricted diet was offered. Fifteen of 25 patients positive for tTG agreed to participate in the follow-up trial. The gluten-restricted group was composed of six patients with IBD (four Crohn's disease, two ulcerative colitis) and two controls. The nonrestricted group was composed of seven patients with IBD (five Crohn's disease, two ulcerative colitis) and one control. Gluten-restricted diet was introduced by dietician, and food diaries were kept to ensure compliance. All participants were re-evaluated with respect to clinical symptoms, serum samples and duodenal biopsy at six months.
Measurement of biomarkers
Serum was analyzed for the following celiac disease-specific antibodies using a commercially available enzymelinked immunosorbent assay (ELISA): anti-human tTG immunoglobulin (Ig) A ELISA (Immuno Biological Laboratories Co., Ltd. Gunnma, Japan, Oregentec, Mainz, Germany), anti-DGP IgA ELISA (Oregentec Mainz, Germany) with reference range \10 U/ml, anti-gliadin IgG ELISA (Oregentec, Mainz, Germany) with reference range \12 U/ml, ASCA IgG/IgA ELISA (Oregentec, Mainz, Germany) with reference range \10 U/ml, and ANCA (Oregentec, Mainz, Germany) with reference range \5 U/ ml, and Food IgG ELISA (Biomerica, Inc. USA) with reference range \50 U/ml. Any celiac disease-specific antibody measurement over the manufacturer's reference range was considered to be positive.
Anti-endomysial IgA was examined by indirect immunofluorescence using monkey esophagus as the substrate (Mayo Clinic Laboratories, MN, USA). Celiac associated HLA testing (HLA-DQ2 and HLA-DQ8) was performed using DR/DQ 2T Lotus SSP UniTray (Invitrogen, Life Technologies Japan, Ltd. Tokyo, Japan). For histological evaluation, at least four biopsy samples were obtained from the second and third portions of the duodenum using a forward viewing endoscope. All biopsy samples were placed in 10 % formalin, embedded in paraffin wax cut on microtomes at 4 lm, stained with H&E, and examined by a staff pathologist. The conclusion was confirmed by a second expert gastrointestinal pathologist. Histological features of celiac disease were in concordance with the modified Marsh criteria [25] .
Statistical analysis
Quantitative data were expressed as medians and ranges or means and standard deviations. A 2-tailed Student t test or Welch's t test was used to compare laboratory values between groups, and a paired t test or Wilcoxon signedrank test was used to compare changes within groups. The Mann-Whitney U test was used to compare changes between groups in celiac-specific antibody values. The Chi square test in cross-tabulations was used to compare differences in clinical symptoms and disease localization and symptoms between groups. P values \0.05 were considered statistically significant.
Results
Prevalence of celiac disease and disease-specific antibodies in Japanese IBD and control patients As shown in Table 1 , out of a total of 362 participants, 25 were tTG-positive, 24 were DGP-positive and 15 were positive for both. Of 172 IBD patients examined, 22 (12.8 %) had anti-tTG antibody levels above the cut-off value, while only three (1.6 %) out of 190 controls were positive. Similarly, 23 (13.4 %) of 172 had a positive DGP antibody test compared with only one (0.5 %) of 190 controls. Thus, the prevalence of celiac-specific antibodies was significantly higher in IBD patients than in controls (p \ 0.01), and numerically higher in Crohn's disease compared with ulcerative colitis. The prevalence of tTG was 19.4 and 9.1 % in Crohn's disease and ulcerative colitis, respectively (p = 0.053), and 19.4 and 10 %, respectively, for DGP (p = 0.083). About half of the patients positive for either tTG or DGP were positive for both antibodies.
A significant correlation was observed between tTG and DGP serum antibody concentrations (r = 0.517, p \ 0.05). As shown in Fig. 1 , the concentration of each celiac disease-specific antibody ranged widely, but a marked increase in antibody concentrations was found in some IBD patients. By contrast, most results were close to the cut-off values in controls. Similar results were observed for DGP.
The relationship between the positivity of celiac diseasespecific antibodies and the clinical presentation of Crohn's disease and ulcerative colitis is shown in Tables 2 and 3 . A highly significant correlation was found between the positivity of celiac-specific antibodies and disease activity in IBD patients, as determined by the HBI in Crohn's disease and Mayo score in ulcerative colitis. The antibody status was not affected by other factors such as duration of disease, extent or localization of disease, clinical types of disease, laboratory data including serum albumin, total cholesterol and hemoglobin, or medication.
As shown in Table 4 , as previously reported ASCA was predominantly associated with Crohn's disease, and p-ANCA was exclusively associated with ulcerative colitis. However, in this study population, the positivity of p-ANCA and ASCA was not strongly correlated with the positivity of celiac disease-specific antibodies. On the other hand, the positive prevalence of IgG against wheat, egg, and milk was consistently greater in those IBD patients positive for celiac disease-specific antibodies than those who were sero-negative (both in the case of ulcerative colitis and Crohn's disease). Interestingly, the incidence of elevated food-related antibodies was relatively higher in Crohn's disease patients than that of ulcerative colitis.
Thirty-four patients positive for either antibody underwent EMA assay and HLA testing. EMA was undetectable in this population. As shown in Table 5 , three IBD patients (two with Crohn's disease and one with ulcerative colitis) and one control carried HLA-DQ8, whereas no patients carried HLA-DQ2. The four celiac-specific antibody-positive patients carrying HLA-DQ8 nevertheless showed normal villous morphology in the duodenal mucosa, although one ulcerative colitis patient showed a slight increase in intraepithelial lymphocytes (IELs) (21 IELs/ 100 enterocytes).
Thirty of the 34 patients positive for celiac-specific antibodies underwent esophagogastroduodenoscopy with duodenal biopsy. None showed an endoscopic appearance suggestive of celiac disease (such as scalloped mucosal folds, or a decrease in the number or height of duodenal folds). Only one patient with Crohn's disease had borderline histological features of celiac disease, with 28 IELs per 100 enterocytes, crypt hyperplasia, and mild villous atrophy. This patient also had non-caseous granuloma in the resected specimen of the affected colon, suggesting the possible co-morbidity of Crohn's disease and celiac disease. However, the patient carried HLA-DQ4 and DQ7 without HLA-DQ2/DQ-8, suggesting false-positive for celiac disease. Besides this case, an increased number of IELs was seen in the duodenal mucosa of four other celiacspecific antibody-positive IBD patients (one Crohn's disease and three ulcerative colitis) without evidence of villous atrophy. Among those IBD patients with an increased number of IELs, only one carried DQ8-DR4 (mentioned above); other IBD patients did not carry DQ2/DQ8.
The effect of gluten restriction on sero-positive patients
Of the 25 patients positive for tTG antibody, eight started a gluten-restricted diet, and eight continued a normal diet (unrestricted group). At the beginning of the study, all participants in both groups showed positive for anti-gliadin IgG antibody, and evinced abdominal symptoms. As shown in Fig. 2 , after six months the anti-tTG concentrations were significantly decreased in the gluten-restricted group, whereas the unrestricted group showed persistently elevated anti-tTG levels. Similarly, serum concentrations of DGP were significantly decreased in the gluten-restricted group, while no interval change was observed in the unrestricted group. After 6 months on a gluten-restricted diet, the symptoms, especially the number of liquid stools per day, were alleviated in participants [number of liquid stool: from 6.2 ± 3.9 to 1.5 ± 0.7 (p = 0.01)], while no such change in the gluten-unrestricted group (from 4.0 ± 1.9 to 4.7 ± 2.1). When clinical response of IBD was defined as a reduction of 3 or more points in the score on the HBI or Mayo score at the evaluation, all IBD patients on gluten-restricted diet had good clinical response. On gluten-restricted diet, mean HBI improved from 7.5 ± 2.12 to 3 ± 1.4, and Mayo score improved from 8 ± 0.5 to 2.5 ± 0.5, mainly due to the decrease of bloody stool frequency, although colonoscopic activity of IBD was almost unchanged between the evaluations. On gluten-containing diet, in contrast, Mayo score and HBI did not change during the observation period, from 6 ± 0 to 6.5 ± 0.7, 3.6 ± 0.9 to 4.2 ± 1.1, respectively. An improvement of laboratory values [CRP from 0.97 ± 1.3
(mg/dl) to 0.60 ± 0.58 (p = 0.16), albumin from 4.0 ± 0.37 (g/dl) to 4.3 ± 0.27 (p = 0.94), and hemoglobin from 12.1 ± 2.4 (g/dl) to 13.8 ± 1.6 (p = 0.89)] was also observed in the gluten-restricted group, but not in the gluten-unrestricted group. Although, the overall change in laboratory values was not statistically significant between the gluten-restricted and unrestricted groups. During the six 
ASCA anti-Saccharomyces cervisiae antibody, p-ANCA perinuclear anti-neutrophil cytoplasmic antibody * Positive for either tTG or DGP ** Negative for both tTG and DGP *** Statistical comparison between sero-positive and sero-negative months follow-up period, none of the participants showed histologic change characteristic of celiac disease by duodenal biopsy on a gluten-containing diet.
Discussion
This is the first report regarding the prevalence of celiac disease according to both serology and biopsy in Japanese population. Out of 470 participants, biopsy-defined celiac disease could not be confirmed in any. While some suspected cases of celiac disease have been reported in Japan in the past, these lack confirmation with a new sensitive serological recombinant human tTG assay or duodenal pathology [1] [2] [3] . As for serological examination, the world wide overall the positivity of tTG IgA is 0.3-3.2 % [26] [27] [28] . In this study, the positivity of the tTG IgA in the control group was 1.6 %. On the other hand, the positivity is reported higher in IBD patients [29] [30] [31] . According to the recent studies, using a human recombinant tTG, the prevalence of tTG in Crohn's disease and ulcerative colitis is 0-27.2 % [29, 30] and 1-12 % [29, 31] , respectively. In this study, the prevalence of tTG was 19.4 and 9.1 % in Crohn's disease and ulcerative colitis, respectively. These data suggest that the prevalence of tTG in Japanese patients may not be significantly different from that in other populations. However, in contrast to the aforementioned study, there was no definite cases of celiac disease in this study. It has been suggested that celiac disease is rare in Japan due to genetic factors; therefore, a larger-scale cohort study in Japan is required in future. Celiac disease is difficult to diagnose particularly in a patient already suffering from IBD as the two conditions have many symptoms in common. Even the most characteristic findings of celiac disease, scalloped duodenal mucosal folds or villous atrophy, can be seen in patients with Crohn's disease [32] [33] [34] , and increased intraepithelial lymphocytosis (Marsh Type 1-2) is a non-specific finding of Crohn's disease [33, 34] . HLA testing in combination with other serological tests can often help to exclude celiac disease; however, multicenter trials have shown that 0.5 % of patients with celiac disease are both HLA-DQ2-and HLA-DQ8-negative [35] .
The present study is the largest study on the prevalence of celiac-specific antibodies in IBD patients and controls in a population lacking a genetic disposition. We used both tTG and DGP as the initial screening test, because food related antibody, DGP, shows higher sensitivity in very early stage celiac patients [17, 36] and has been suggested to be less frequently elevated in autoimmune diseases; some studies described a moderate tTG increase in organspecific autoimmune disease and IBD [5] . The observed higher prevalence of both celiac-specific antibodies in IBD patients was not surprising. The prevalence of tTG in other organ-specific autoimmune diseases, T1DM and AIH, was 1/32 and 1/38, respectively, which is lower than the positive rate in IBD patients (22/172) . These results suggest that other factors may affect the aberrant immunological characteristics in the gastrointestinal tract, such as food intolerance.
It has been reported that tTG is over-expressed in apoptotic tissue and its expression is related to the inflamed intestinal mucosa of IBD patients [37] . A previous study reported an increase in tTG antibodies that was correlated with disease activity [4] . Our tTG data support this view, and observed similar findings with DGP. In the case of ulcerative colitis, a humoral-type immunological response with increased synthesis of antibodies is known to play a predominant role. In this study, the high prevalence and weak positive for celiac disease-specific antibodies perhaps reflects dysregulation of the immune system in ulcerative colitis together with accidental cross-reactivity with environmental antigens, such as gliadin. On the other hand, the high prevalence of celiac-specific antibodies in Crohn's disease with higher titers possibly reflects the intestinal mucosal barrier defects, since the positive prevalence of IgG against milk, wheat and egg was greater than in ulcerative colitis, and in those positive rather than sero-negative for celiac disease-specific antibodies, although the difference was not statistically significant. The mucosal barrier defects, such as increased intestinal tight junction permeability [38] [39] [40] , may lead to increase antigen presentation and therefore generate auto-antibodies and food-related antibodies. This could reasonably perpetuate or exacerbate mucosal inflammation in Crohn's disease. It is conceivable that it induces a high celiac antibody titer even in Japanese who are genetically not predisposed to celiac disease. Another non-DQ2-restricted mechanism is that gluten itself can induce injury and change in epithelial cells. That is gliadin increases epithelial permeability, alters protein expression of tight junction components and induces apoptosis. It can also inhibit RNA and DNA synthesis [41] [42] [43] .
Indeed, we found that celiac-specific antibody-positive patients with IBD showed anti-gliadin IgG positive, which imply underlying gluten sensitivity in IBD. IBD patients have often reported dietary intolerance affecting their symptomatology [44] . This study was the first to describe an actual decrease of celiac specific antibodies in IBD patients with gluten-restricted diet together with clinical improvement. There have been no reports about comorbidity of non-celiac gluten sensitivity in IBD patients. However the current study is not designed to directly address the issue of gluten sensitivity in IBD patients.
The possible interpretation of the positivity of celiacspecific antibodies in Japanese IBD patients is mainly a false-positive one (i.e. without genetic gluten intolerance), but there remains a small possibility of true-positive (i.e. genetic gluten intolerance) with potential celiac disease. It has been reported that approximately 33 % of patients with potential celiac disease were reported to develop villous atrophy during a three-year observation period [45] . In the current study, we prospectively observed sero-positive patients with or without gluten restriction for three years. However, to date, no biopsy-proven celiac disease patient has been found. After six months, anti-tTG titers decreased significantly in the gluten-restricted group. Interestingly, the dietary exclusion of wheat improved GI symptoms and serology in sero-positive IBD patients. It is possible that the exposure to dietary antigens, including gluten, is increased during active disease in IBD patients, although the prevalence of gluten sensitivity in patients with IBD and its impact on the clinical status of disease should be further investigated. In addition, the regular quantitative monitoring of tTG and DGP titers during patient management remains controversial and warrants further study.
The incidence of IBD has dramatically increased in the past 30 years in Japan, likely due to the introduction of Western life style and diet. The pathogenesis of IBD has been proposed to be a combination of genetic, immunologic and environmental factors. The prevalence of NOD2 mutations was rare in Eastern Asian countries, but still the incidence of IBD has seen an increase [46] . Our study suggests that this is unlikely the case in celiac disease, where the genetic component is much stronger compared to IBD. The incidence of celiac disease in the Middle-eastern and in some Asian countries such as India has been increasing [47] , but this appears to be due to the high prevalence of HLA-DQ2/DQ8 as compared to the Japanese population.
There are several limitations to our study. It is possible that we underestimated the true prevalence of biopsy-proven celiac disease in IBD patients. Patchy histologic abnormality is reported in celiac disease and it is conceivable that sampling errors may have occurred. However, serial examinations on those on non-restricted diet still did not reveal any cases of celiac disease. We note that no accurate information regarding diet was collected prior to study initiation, thus some patients may unconsciously have avoided food containing gluten prior to testing. Finally, we could not include every positive patient with celiac-specific antibodies to evaluate the response to a gluten-restricted diet, although, none of them went on to develop diagnostic villous atrophy of celiac disease during the follow-up period.
In conclusion, we have shown while a certain proportion of IBD patients with GI symptoms were positive for celiac specific antibodies in a genetically un-predisposed population, there were no cases confirmed as celiac disease. Contrary to IBD, whose incidence has continued to rise, celiac disease appears to remain rare in Japan. Further investigation is needed to elucidate the etiologic mechanism of positive celiac specific antibodies and the clinical significance of a response to a gluten-restricted diet in IBD patients.
